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Abstract.  Light  induced  conformational  transformations  of  the  of  naphthacenequinone  (NQ) 
molecules  ordered  in  LB  films  are  observed  by  means  of  scanning  tunneling  microscopy  (STM), 
The  distinct  peak  in  local  density  of  electronic  states  is  detected  which  is  characteric  for  the 
2-dimential  character  of  conductivity.  Additional  subband  of  electronic  states  has  been  found  for 
NQ  molecules  in  form  A and  not  found  in  form  B,  The  constant  height  STM  images  of  individual 
molecules  in  the  form  A demonstrate  an  additional  fine  structure  that  indicates  the  conformational 
transition  of  molecules  from  A to  B form.  This  transition  is  connected  with  the  transfer  of  the 
phenoxy  group  from  one  oxygen  to  another  and  probably  leads  to  shutdown  some  of  tunneling 
channels. 


1 Introduction 

Photochromic  molecules  attract  considerable  and  permanent  interest  due  to  their  capa- 
bility for  reversible  changing  of  their  absorption  and  fluorescent  spectra  under  irradiation 
at  different  wavelengths.  In  view  of  the  development  of  new  generation  of  ultra-high 
density  optical  data  storage  based  on  the  use  of  photochromic  molecules  it  is  important 
to  reveal  fundamental  mechanisms  that  lead  to  modification  photohromic  molecules 
characteristics  (espesially  organized  in  Langmuir-Blodgett  (LB)  films)  under  explosure 
to  light.  Properties  of  the  photochromic  molecules  embedded  either  into  polymeric 
matrices  or  other  media  (liquid  crystals,  solutions  etc)  essentially  depend  on  their  en- 
vironment. Langmuir-Blodgett  technique  permits  to  produce  photochromic  molecular 
structures  packed  with  ultra  high  density  on  the  surface  of  a substrate.  LB  films  are  typ- 
ical two-dimensional  (single  layer  films)  or  three-dimensional  (multilayer  films)  ordered 
assemblies.  Evidently,  one  expect  that  photochromic  molecules  incorporated  in  highly 
ordered  LB  films  should  exhibit  the  behavior  that  is  not  typical  for  free  molecules  or  so- 
lutions. However,  very  little  is  known  about  physics  aspects  of  photochromic  reactions 
in  LB  films. 

For  particular  molecules  photo  isomeric  changes  can  be  observed  by  means  of  pre- 
cise methods  based  on  scanning  probe  microscopy  (such  as  scanning  tunnel  microsco- 
py/spectroscopy— STM/STS,  scanning  force  microscopy — SFM  etc.).  These  methods 
in  principal  allow  one  to  study  electronic  properties  [1,2]  and  topology  of  particular 
molecules  and  their  variations,  caused  by  external  optical  irradiation,  on  a substrate 
surface  with  atomic  resolution. 
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Form  A Form  B 


Fig  1.  Schematic  structure  of  two  conformational  forms  (A  and  B)  of  6-phenoxi-5,  12- 
naphthacenequinone  molecules  which  occur  during  photocoloration  (A  —y  B)  and  photobleaching 
(B  ^ A)  reactions. 

2 Experimental 

To  study  the  changes  of  electronic  properties  of  NQ  molecules  and  their  possible  con- 
formational modifications  during  photochemical  reactions  we  used  STM  and  STS  tech- 
niques. Molecules  were  deposited  on  a HOPG  substrate  using  Langmuir-Sheffer  tech- 
nique to  form  different  numbers  of  ordered  molecular  layers.  Expected  modification 
of  naphthacenequinone  molecular  structure  under  transformation  from  para-form  (form 
A)  to  ana-form  (form  B)  is  shown  in  Fig.  1.  Variations  of  molecular  properties  in  mul- 
tilayer thin  films  caused  by  light  irradiation  may  change  the  initial  density  distribution 
of  electronic  states,  what  be  detected  in  STM  and  STS  experiments. 

In  our  experiments  the  photochemical  reaction  was  initiated  by  light  passed  through 
interference  filter  with  transmission  maximum  at  400  nm  for  the  direct  reaction  {A  — >•  B) 
and  at  480  nm  for  the  back  reaction  {B  ^ A).  We  used  the  incandescent  lamp  as 
a light  source.  After  the  interference  filter  radiation  traveled  through  the  wave-guide 
and  than  entered  the  tunnel  gap  of  scanning  tunneling  microscope.  Such  a scheme  has 
allowed  to  follow  the  changes  of  electronic  properties  of  NQ  molecules  in  processes  of 
forward  and  reverse  phototransitions  by  means  of  STM  and  STS  methods. 

LB  film  was  transfered  on  the  HOPG  substrate  under  pressure  of  5 mN/m.  Average 
transfer  coefficient  (k)  was  equal  to  0.84.  We  have  found  that  LB  films  of  naph- 
thacenequinone molecules  (1-40  monolayers)  are  capable  to  form  the  stable  ordered 
structures  on  a surface  of  HOPG.  The  value  of  area  occupied  by  each  molecule  is  in 
the  order  of  2-2.3  nm^  and  is  in  a good  agreement  with  the  value  of  2.7  nm^  obtained 
from  7T  — S isotherm  at  the  deposition  pressure.  Distance  between  molecular  rows 
is  in  the  range  0.58-0.6  nm  and  that  between  molecules  in  the  row  is  0.38-0.4  nm. 
Measurements  of  local  density  of  electronic  states  of  LB  films  have  revealed  a peak 
close  to  zero  of  bias  voltage.  In  the  approximation  of  a strong  coupling  it  corresponds 
to  the  2D  character  of  differential  conductivity  of  LB  film  and  points  to  the  existence 
of  long-range  interaction  between  molecules  [3]. 

Another  set  of  experiments  have  dealt  with  the  investigation  of  LB  film  conductivity 
behavior  during  photoreactions.  Substantial  variation  in  the  local  density  of  electronic 
states  for  forward  photoreaction  has  been  observed  for  three-layer  LB  film.  It  is  found 
that  the  form  of  the  differential  conductivity  curve  is  significantly  modified  during  pho- 
toisomerization. Upper  graph  depicted  at  Fig.  2 shows  strong  asymmetry  of  the  curve 
for  form  A.  There  exist  an  additional  contribution  to  at  f/t  < 0 in  relation  to  form  B, 
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Fig  2.  Dependence  of  differential  conductivity  of  LB  film  on  tunneling  voltage  (3  monolayers) 
before  and  after  direct  photoreaction.  o-A-form  ; P-B-form. 


Fig  3.  STM  current  images  of  the  same  portion  of  3-layer  naphthacenequinone  LB  films,  a)  form 
A,  It{x,y):  3.4  nmx2.2  nmx0.14  nA,  b)  form  B,  It{x,y):  3.4  nmx2.2  nmxO.08  nA. 


while  the  dependencies  of  LB  film  conductivity  of  A and  B forms  at  t/i  > 0 are  rather 
similar.  Such  additive  to  the  tunnel  state  density  points  to  the  origination  of  additional 
subband  in  the  range  of  non  filled  electronic  states  of  these  LB  films. 

We  have  also  studied  the  STM  current  images  of  individual  molecules  in  NQ  LB 
films.  STM  constant  height  images  of  3-layer  LB  film  corresponding  to  forms  A and  B of 
naphthacenequinone  are  presented  in  Fig.  3.  Images  (a)  and  (b)  represent  the  selected 
site  of  the  surface  before  and  after  direct  photoreaction.  Both  pictures  are  registered 
under  the  same  initial  parameters:  Ut  = —150  mV;  It  = 0.4  nA.  In  these  experiments 
we  have  found  the  spatial  distinctions  in  STM  current  images  of  every  molecule  in  LB 
layer  for  form  A and  B.  These  distinctions  are  clearly  seen  from  Fig.  4 where  current 
image  sections  of  A and  B forms  of  NQ  molecules  are  depicted.  The  sections  were  get 
along  the  similar  directions  1 and  1'  (see  Fig.  4)  for  the  same  molecules.  As  seen  from 
Fig.  4,  STM  constant  height  image  of  6-phenoxi-5,12-naphthacenequinone  molecules  in 
form  A has  ~ OAnA  amplitude,  while  the  current  amplitude  for  molecules  in  form 
B is  ~ 0.04  nA.  Besides,  the  STM  current  image  of  molecules  in  form  A possess  an 
additional  fine  structure  ( see  peak  shifted  to  the  edge  of  the  molecular  image).  This 
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Fig  4.  STM  current  image  cross-sections  according  to  arrows  in  Fig.  3.  Curves  1,  1'  correspond 
to  directions  1,  1'  at  Fig.  3. 


peculiarity  is  connected  either  with  topological  conformational  transition  of  molecule 
or  with  the  occurrence  of  additional  tunneling  channel  after  molecular  conformation. 
To  our  opinion,  the  observed  transition  is  due  to  oxygen  bonding  transfer  that  leads 
to  occurrence  of  additional  tunneling  channel  and,  in  ordered  molecular  system  of  LB 
film,  to  occurrence  of  additional  subband. 

3 Conclusion 

We  have  demonstrated  the  direct  observation  of  differential  conductivity  changes  of  NQ 
LB  films  under  photochemical  reaction  by  STM/STS  methods.  Unusual  behavior  of 
the  differential  conductivity  of  the  molecular  film  probably  corresponds  to  additional 
monotonous  density  of  vacant  states  of  the  sample  as  a result  of  photoreaction  and 
can  be  referred  to  conformational  modification  of  naphthacenequinone  molecules.  The 
distinction  in  the  STM  constant  height  images  of  individual  NQ  molecules  in  different 
forms  has  been  found  that  demonstrates  the  conformation  transition  during  photoiso- 
merization. 
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